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LIQUID CRYSTAL DISPLAY APPARATUS HAVING FLEXIBLE SUBSTRATE 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to a liquid crystal display 
apparatus having a f lexibl e subs t rate . 

2. DESCRIPTION OF THE RELATED ART 

A liquid crystal display apparatus that consumes 
minimal power has been used currently for a potable 
electronic apparatus such as portable information terminal 
or cellular phone as a display unit. Particular in the case 
of a reflection type liquid crystal apparatus that does not 
need a backlight and can be operated with more minimal power 
consumption, the liquid crystal display apparatus is used 
for almost all products because battery duration time of 
an electronic apparatus can last longer. 

Meanwhile, with recent increasing request for 
miniaturization and light-weight of the electronic 
apparatus, the liquid crystal display apparatus that 
employs a resin film substrate instead of a conventional 
glass substrate has been developed. 

An exemplary configuration of a reflection type 
liquid crystal display apparatus having a film substrate 
as described hereinabove will be described briefly with 
reference to FIG. 3. FIG. 3 is a diagram showing the 
partially cross - sectional configuration of a liquid 
crystal display apparatus having a conventional 
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configuration. In FIG. 3, the liquid crystal display 
apparatus 100 comprises a first film substrate 110 and a 
second film substrate 120, which are faced each other, and 
a liquid crystal layer 130 that is sealed between the two 
film substrates 110 and 120. 

On the side of the first film substrate 110 of the 
liquid crystal layer 130, an electrode layer 115 consisting 
of transparent conductive film such as ITO (indium-tin 
oxide) that is served to operate liquid crystal molecule 
of the liquid crystal layer 130 and an orientation film 116 
that is served to control the orientation of liquid crystal 
molecule of the liquid crystal layer 130 are formed 
successively to form the laminated structure. Furthermore, 

d 

^ on the liquid crystal layer 130 side of the second film 

substrate 120, an electrode layer 125 and orientation film 
126 are formed successively to form the laminated structure. 
Furthermore, on the opposite side (outer face side of the 
second film substrate 120) to the liquid crystal layer 130 
with respect to the second film substrate 120, a deflection 
plate 128 is provided. 

Furthermore, on the outer face side of the first film 
substrate 110, a reflector 140 having one surface on which 
a reflection film 141 consisting of aluminum is formed is 
provided so that the reflection film 141 is facing to the 
substrate 110 with interposition of adhesive 142. 

The liquid crystal display apparatus 100 having the 
above-mentioned configuration has been used as the 
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reflection type liquid crystal display apparatus, in which 
solar light or illumination is used as the light source and 
the light that is incident from the outside of the second 
substrate 120 is reflected on the reflection film 141 for 
di splaying . 

Furthermore, because of a film substrate used as the 
substrate of a liquid crystal apparatus and a substrate that 

O 

is thinner than a glass substrate can be used, it is possible 
Nl to make an electronic apparatus having the above-mentioned 

m 

yj liquid crystal display apparatus thin, and parallax is 

45 suppressed to bring about the high quality display. 

S3 

1=2= However, according to the configuration of the liquid 

fen? 

|U crystal display apparatus 100, because the exterior type 

b 

□ reflector 140 reflects the incident light, the light 

incident from the second substrate 120 side to the liquid 
crystal display apparatus 100 passes through the two 
substrates 110 and 120 and a reflection plate 128 inevitably 
before the light reaches to the reflection film 141 of the 
reflector 140. As the result, the light transmission loss 
is large, and the brightness of the display is insufficient. 

Furthermore, because the liquid crystal display 
apparatus 100 comprising the above-mentioned film 
substrate is a component used as the display unit of, for 
example, a cellular phone and the low cost is required, it 
is very important to simplify the configuration and 
manufacturing process of the liquid crystal display 
apparatus so that the cost is reduced. 
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The present invention has been accomplished to solve 
the above-mentioned problem, and it is an object of the 
present invention to provide a liquid crystal display 
apparatus having a flexible substrate that is capable of 
displaying the high quality image with high brightness. 

It is another object of the present invention to 
provide a liquid crystal display apparatus having the 

Q 

CP simplified configuration that brings about the cost 

SI reduction . 

hi SUMMARY OF THE INVENTION 

•srw 

£ To achieve the above-mentioned object, a liquid 

y, crystal display apparatus according to a first aspect of 

Q 

the present invention is characterized in that the liquid 

Q 

q crystal display apparatus comprises a pair of substrates 

^ disposed so as to face each other with interposition of a 

liquid crystal layer, at least one of the substrates is a 
flexible substrate, wherein many concave faces having the 
inner surface that is a part of the spherical surface are 
formed continuously on the surface of at least one substrate 
out of the pair of substrates that is facing to the liquid 
crystal layer side. 

According to the configuration in accordance with 
the present invention, because many concave faces having 
the inner surface that is a part of the spherical surface 
are formed continuously on one surface of a flexible 
substrate, the configuration of the liquid crystal display 
is simplified to bring about the reduced manufacturing 
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cost . 

Next, the liquid crystal display apparatus according 
to a second aspect is characterized in that the liquid 
crystal display apparatus according to the first aspect has 
a metal reflection film formed on the substrate surface on 
which many concaves having the inner surface that is a part 
of the spherical surface are formed continuously. 

According to the above-mentioned configuration, the 
liquid crystal display apparatus of the present invention 



W is served as a reflection type liquid crystal display 

-F 

*P apparatus having a built-in reflection plate for reflecting 

M* the light between the pair of substrate. Because the metal 

Q 

M* reflection film is shaped as described hereinabove, the 

b 

Q reflection efficiency of the metal reflection film is 

improved to bring about the bright display. 

Next, the liquid crystal display apparatus according 
to a third aspect is characterized in that the liquid crystal 
display apparatus according to the second aspect has a depth 
of the concave ranging from 0 . 1 jum to 3 |im, an inclination 
distribution of the inner surface of the concave ranging 
from - 30 degrees to + 30 degrees, and a pitch between adjacent 
concaves ranging from 5 ]um to 50 jum . 

According to the configuration as described 
hereinabove, because the reflection efficiency of the metal 
reflection film is optimized, the light incident from the 
outside is reflected efficiently, and the bright reflection 
display is realized. 
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Next, the liquid crystal display apparatus according 
to a fourth aspect is characterized in that the liquid 
crystal display apparatus according to the second aspect 
has the metal reflection film having a film thickness 
ranging from 80 A to 300 A. 

According to the configuration as described 
hereinabove, because the film thickness of the metal 
reflection film is made very thin, the bright transmission 
display is realized and the metal reflection film is 
possible to reflect the light efficiently even in the case 
that a light source that is served for transmission display 
is disposed outside the substrate to fabricate a semi- 
transmission/reflection type liquid crystal display 
apparatus. In other words, a semi- 
transmission/reflection type liquid crystal display 
apparatus that gives the bright and easily visible display 
for both transmission display and reflection display is 
real i zed . 

Next, the liquid crystal display apparatus according 
to a fifth aspect is characterized in that the liquid crystal 
display apparatus according to the second aspect has a metal 
reflection film with a film thickness ranging from 80 A 
to 100 A. 

According to the configuration as described 
hereinabove, a semi - transmission/reflection type liquid 
crystal display apparatus that gives the bright reflection 
display and extraordinarily bright transmission display is 
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real i zed . 

Next, the liquid crystal display apparatus according 
to a sixth aspect is characterized in that the liquid crystal 
display apparatus according to any one of second aspect to 
fifth aspect has a color filter formed directly on the metal 
reflection film. 

According to the configuration as described 
hereinabove, because the color filter is formed on the 
surface on which the light incident from the outside is 
reflected, the parallax and color deviation is minimized 
and the high quality display is realized. 

Next, the liquid crystal display apparatus according 
to a seventh aspect is characterized in that the liquid 
crystal display apparatus according to any one of first 
aspect to sixth aspect has a colored substrate having the 
surface on which many concaves having the inner surface that 
is a part of the spherical surface are formed continuously. 

According to the configuration as described 
hereinabove, the color of the colored substrate may be used 
as the display color in the case that a reflection type 
liquid crystal display apparatus is fabricated. In other 
words, the display having the color purity higher than that 
of the display obtained by means of orientation control of 
liquid crystal molecule is realized. 

Next, the liquid crystal display apparatus according 
to a eighth aspect is characterized in that the liquid 
crystal display apparatus according to the first aspect has 
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the flexible substrate consisting of polyallylate base, 
polycarbonate base, polye ther sulphone base, or 
polyethylene t erephthala te base resin. 

According to the configuration described 
hereinabove, because the resins described hereinabove are 
highly transparent, the bright display is realized for both 
reflection display and transmission display. Furthermore, 
because the above-mentioned resin materials are excellent 
in heat resistance and a film can be formed at a high 
temperature, a high quality liquid crystal display 
apparatus is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a partial cross sectional 
configuration of a liquid crystal display apparatus in 
accordance with an embodiment of the present invention. 

FIG. 2 is a partially enlarged perspective view 
showing a substrate including the convex/concave faces 
shown in FIG . 1 . 

FIG. 3 is a diagram showing the partially cross 
sectional configuration of an exemplary reflection type 
liquid crystal display apparatus having a conventional 
flexible substrate . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention will be 
described in detail hereinafter with reference to FIG. 1. 
However, the present invention is by no means limited to 
the embodiment described hereinafter. The drawings that 
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will be referred in the present specification are presented 
only for describing the liquid crystal display apparatus. 
Structural components, the magnitude of dimension, size, 
and thickness of elements shown in the drawings are 
different from those of the actual liquid crystal display 
apparatus . 

FIG. 1 is a diagram showing a partially cross 
sectional configuration of a liquid crystal display 
apparatus in accordance with an embodiment of the present 
invention. In FIG. 1, a liquid crystal display apparatus 
1 comprises a liquid crystal layer 30 interposed between 
a first substrate 10 and second substrate 20 that are faced 
each other, and the peripheries of the two substrates 10 
and 20 are bonded together with sealing material 40. The 
two substrates 10 and 20 consist of flexible resin in the 
present embodiment, but a glass substrate may be used as 
the second substrate 20. 

A convex/concave face 10A is formed on the liquid 
crystal layer 30 side of the above-mentioned first 
substrate 10, and the convex/concave face 10A is shaped so 
that the many concaves each of which constitutes a part of 
a spherical surface are formed continuously. On the 
convex/concave face 10A, a metal reflection film 12 for 
reflecting the incident light that comes from the outside, 
a color filter 13 for displaying colors, an overcoat film 
14 for protecting and flattening the film surface of these 
films, an electrode layer 15 for driving the liquid crystal 
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layer 30, and an orientation film 16 for controlling the 
orientation of liquid crystal molecules that constitute the 
liquid crystal layer 30 are formed in laminated fashion. 
On the liquid crystal layer 30 side of the second substrate 
20, an electrode layer 25, an overcoat film 24, and an 
orientation film 26 are formed successively to form the 
laminated structure. Furthermore, on the outer face side 

G 

*S (upper side in the drawing) of the second substrate 20, a 

yj 

^ phase difference plate 27 served for controlling the 

yi 

ly wavelength dispersion of the light, and a deflection plate 

J5 28 served for controlling deflection of the light are 

M 5 laminated in the order. 

o 

The first substrate 10 preferably consists of a 
Q material that i s highly transmi s s ive to the 1 ight 

a a 

(preferably 90 % or higher, same as that of a glass) and 
is heat resistive at a temperature of 200 or higher . I f 
a material that is less t ransmi s s i ve , the light loss of the 
light incident from the outside due to traveling of the light 
through the liquid crystal display apparatus 1 is large and 
the display is dark. If a material that is not resistive 
to a temperature of 200 or higher, the resistivity of 
the transparent conductive film used as the electrode layer 
1 5 becomes large and the power consumption is large . 

Particularly, a transparent conductive film such as 
ITO is used as the electrode layer 15, and ITO film formed 
at a low film-forming temperature exhibits significantly 
larger resistivity in comparison with ITO formed at a high 
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temperature of 200 °C or higher. Furthermore, if the film 
thickness is increased to reduce the resistivity of ITO 
formed at a low temperature, the increased film thickness 
causes the reduced light transmi t tance and warpage of the 
substrate 10 due to stress of the electrode layer 15. As 
described hereinabove, the heat resistance of the substrate 
10 is very important, and the quality of the liquid crystal 

Q 

display apparatus 1 depends significantly on the heat 
Ni resistance of the substrate 10. 

s pa 

yj Examples of the material preferably used for the 

Jp above-mentioned first substrate 10 include resin materials 

s 

'yk such as polyallylate base resin, polye ther - sulphone base 

p. 

y*. resin, polyethylene - terephthalate based resin, and 

ST— 5 

q polycarbonate base resin, but the material is by no means 

limited to those resins. Polyallylate base resin is used 
more preferably because the heat resistance temperature is 
as high as 280 *C , the light transmi t tance is as high as 
90 % or higher, and the birefringence is as low as 0. 

The first substrate 10 is formed of the above- 
mentioned material, and the gas barrier layer consisting 
of silicone oxide film or silicon nitride film may be formed 
on one side or both sides of the first substrate 10. The 
configuration having the above-mentioned gas barrier 
layers on the substrate 10 excludes the adverse effect on 
the liquid crystal layer 30 due to de-gassing from the 
above-mentioned resin material or gas that penetrates into 
the liquid crystal display apparatus 1 through the 



I 9 



11 



above-mentioned resin material from the outside. As the 
result, the reliability of the liquid crystal display 
apparatus 1 is improved. 

The same material used for the above-mentioned first 
substrate 10 may be used also for the second substrate 20 
preferably, but different material such as glass may be used 
depending on the case. In the case that the same material 
for the first substrate 10 is used also for the second 
substrate 20, a liquid crystal display apparatus that is 
excellent in the reliability can be obtained because the 
thermal expansion coefficient of the two substrates 10 and 
20 is identical to result in less rupture of the circuit 
due to the environment temperature change. 

Furthermore, the first substrate 10 disposed on the 
back face side of the liquid crystal display apparatus 1 
may be pigmented. For example, the substrate 10 is 
pigmented black to obtain the black display having color 
purity higher than that of the black display expressed by 
means of deflection control by use of the liquid crystal 
molecule, and a liquid crystal display apparatus excellent 
in display quality with improved contrast is realized. 

The electrode layer 15 comprises aligned many flat 
rectangular transparent conductive films consisting of ITO, 
and is connected individually to an external driving 
circuit (not shown in the drawing). Furthermore, the 
electrode layer 25 formed on the second substrate 20 also 
comprises aligned many flat rectangular transparent 



12 



conductive films like the above-mentioned electrode layer 
15, and is connected individually to an external driving 
circuit. The electrode layer 15 and the electrode layer 
25 are disposed so as to make a right angle each other in 
the plan view, and the liquid crystal display apparatus 1 
is formed in the passive matrix type. 

In the liquid crystal display apparatus in accordance 
with the present invention, because the substrate 10 and/or 
the substrate 20 is formed of resin material with high heat 
resistance as described hereinabove, it is possible to form 
the transparent conductive film at a high temperature. As 
the result, the electrode layers 15 and 25 having the light 
transmi ttance and resistivity equivalent to those of the 
transparent conductive film formed on a glass substrate at 
a high temperature can be obtained and the high performance 
liquid crystal display apparatus is realized. 

The overcoat film 14 of the first substrate 10 and 
the overcoat film 24 of the second substrate 20 are provided 
to equalize the thickness of the liquid crystal layer 30 
by flattening the irregular thickness of the substrates 10 
and 20 and layers formed on those substrates 10 and 20. 

In the case that the substrates 10 and 20 of the liquid 
crystal display apparatus 1 are formed of resin material, 
because it is required to avoid the adverse effect due to 
degassing from the above-mentioned resin material on the 
liquid crystal layer 30, the above-mentioned overcoat films 
14 and 24 are formed so as to cover the one entire surface 
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of each of the substrates 10 and 20 directed to the liquid 
crystal layer 30 side. The overcoat films 14 and 24 formed 
so as to cover the one surface of each of the substrates 
10 and 20 prevent degassing from the substrates 10 and 20 
and penetration to the liquid crystal layer 30, and the 
deterioration due to degassing of the liquid crystal layer 
30 is prevented. 

The metal reflection film 12 is provided to 
efficiently reflect the light incident from the outside 
onto the liquid crystal display apparatus 1 to obtain the 
bright display, and is formed on the convex/concave face 
10A that is formed on the liquid crystal layer 30 side of 
the first substrate 10 as shown in FIG. 1. The metal 
reflection film 12 may consists preferably of a metal 
material with high reflection such as aluminum or silver. 
Furthermore, the metal reflection film 12 is formed by 
spattering or vacuum evaporation of these metals. 

Furthermore, the metal reflection film 12 is 
preferably formed only on the convex/concave face 10A that 
is the one convex/concave - shaped face of the substrate 10 
as shown in FIG. 1. The reason is that the outer end of 
the metal reflection film 12 formed on the entire surface 
of the liquid crystal layer 30 of the substrate 10 is exposed 
directly to the outside air and the metal reflection film 
12 can be oxidized from the outer end to result in separation 
of the film. 

Furthermore, the color filter 13 is formed directly 
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on the metal reflection film 12. The color filter 13 can 
be disposed on the reflection surface (the surface of the 
metal reflection film 12) that reflects the light incident 
from the outside because of the above-mentioned structure, 
and the color deviation and parallax can be reduced. As 
the result, the liquid crystal display apparatus 1 of the 
present invention displays the high quality image. 

The thickness of the metal reflection film 12 ranges 
preferably from 8oA to 300 A. 

The above-mentioned film thickness allows the 
display to be viewed easily and brightly for both reflection 
displaying and transmission displaying in the case that a 
semi - transmission/ reflection type display apparatus 
provided with a backlight on the outside of the substrate 
10 is fabricated. The metal reflection film 12 can be 
formed very thin as described hereinabove because of the 
configuration of the convex/ concave face 10A of the first 
substrate 10. In other words, the thinner film thickness 
of the metal reflection film 12 results in reduced 
reflectance of the metal reflection film 12, but the 
above-mentioned convex/convex shape of the metal 
reflection film 12 brings about higher light reflectance. 
As the result, it is possible to display an image with the 
brightness higher than that of the conventional apparatus 
even if the film thickness of the metal reflection film 12 
is formed thin. 

Furthermore, the very thin film thickness as thin 
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as 80 A to 100 A of the metal reflection film 12 renders 
the metal reflection film 12 highly t ransmi s s i ve , and the 
very bright display is realized for the transmission 
displaying . 

As described hereinabove, the liquid crystal display 
apparatus of the present invention realizes the bright and 
easy-viewing display also in the case that a semi- 
transmission/ re f 1 ec t ion type liquid crystal display 
apparatus provided with a backlight on the outside of the 
substrate 10 is fabricated. 

The film thickness range of the metal reflection film 
12 described hereinabove is suitable for the semi- 
transmission/reflection type liquid crystal display 
apparatus that is used for both reflection display and 
transmission display, but in the case of the reflection type 
liquid crystal display apparatus that is used only for 
reflection display, the film thickness is not limited and, 
for example, 1000 A film thickness may be applied. 

The reflection type liquid crystal display apparatus 
provided with the metal reflection film 12 is described in 
the present embodiment, but the metal reflection film 12 
may be omitted. If the metal reflection film 12 is omitted, 
the liquid crystal display apparatus 1 is used as a 
transmission type liquid crystal display apparatus. In 
such case, the light is scattered effectively by means of 
the above-mentioned convex/concave face 10A and a 
transmission type liquid crystal display apparatus 
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excellent in white display is realized. 

Furthermore, the inner surface of many concave faces 
of the above-mentioned convex/concave face 10A is a part 
of the spherical surface, the surface functions as a lens 
to intensify the light incident from the outer face side 
of the first substrate 10, and it is possible to render the 
display bright. As described hereinabove, because the 
CP convex/concave face 10A functions to intensify the light, 

SI the liquid crystal display apparatus of the present 

in 

yj invention can realize the bright display with a reduced 

45 backlight intensity that is provided on the outside of the 

(ei; substrate 10 for transmission display. As the result, it 

leal 

is possible to reduce the power consumption of the backlight, 

O 

q which consumes the power for the liquid crystal display 

|=4 

apparatus mostly, and the low power consumption liquid 
crystal display apparatus is realized. 

The configuration of the convex/ concave face 10A 
shown in FIG. 1 will be described in detail with reference 
to FIG. 2. FIG. 2 is a perspective view showing the first 
substrate 10 and the part including the metal reflection 
film 12 formed on the first substrate 10. As shown in FIG. 
2, the inner face of many concave faces 12A, which is a part 
of the spherical surface, is formed continuously on the 
surface of the convex/concave faces 10A of the substrate 
10 so as to overlap each other, and the metal reflection 
film 12 is laminated on the surface. 

It is preferable that the depth of the above- 
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mentioned concave faces 12A is formed randomly in the range 
from 0 . 1 Jim to 3 |um, the pitch between adjacent concave faces 
12A is disposed randomly in the range from 5 |um to 50 |um, 
and the inclination of the inner surface of the above- 
mentioned concave faces 12A is set in the range from -30 
degrees to 30 degrees. 

Particularly setting of the inclination 
distribution of the inner face of the concave faces 12A in 
the range from -30 degrees to 30 degrees and the random 
disposition of the pitch of the adjacent concave faces 12A 
in all directions in a plane are important. The reason is 
that, if the pitch of the adjacent concave faces 12A is 
regular, the reflected light is colored due to interference 
color of the light. Furthermore, if the inclination 
distribution of the inner face of the concave faces 12A 
deviates from the range from -30 degrees to 30 degrees, the 
diffusion angle of the reflected light is too wide and 
results in reduced reflection intensity and bright display 
cannot be obtained (the diffusion angle of the reflected 
light is equal to or larger than 60 degrees to result in 
reduced reflection intensity peak in the liquid crystal 
display apparatus and result in large total reflection 
loss) . 

Furthermore, if the depth of the concave faces 12A 
exceeds 3 Jim, the peaks of the convex cannot be buried with 
the flattening film (overcoat film 14) when the concave 
faces 12A is flattened in the subsequent process step, and 
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the desired flatness cannot be obtained and the depth that 

exceeds 3 |um causes the irregular display. 

If the pitch of the adjacent concave faces 12A is 

less than 5 |im, the fabrication work for making a transfer 

die that is used for forming the convex/concave faces 10A 

of the first substrate 10 is limited, and the working time 

should be long. Furthermore, the shape for obtaining 

M3 desired reflection characteristic cannot be formed and the 

JP 

N. interferential light is caused. Furthermore, in the case 

m 

fcf.5 

that a diamond indenter having a diameter of 30 |um to 100 

I 

Jim that is usable to fabricate the transfer die is used, 
it is preferable that the pitch in the range from 5 \xm to 
M=. 50 ]um between the adjacent concave faces 12A. 

a s 

g In the case of the liquid crystal display apparatus 

1 of the present invention, because the metal reflection 
film 12 formed on the convex/ concave faces 10A of the first 
substrate 10 is shaped in convex/concave fashion by means 
of the convex/ concave faces 10A of the first substrate 10, 
the incident light is reflected and scattered efficiently, 
and the bright reflection display and wide angle of 
visibility are realized. These advantages of the present 
invention are due to the control of the depth and pitch of 
the concave faces 12A shown in FIG. 2 in the range as 
described hereinabove and due to the spherical surface of 
the inner face of the concave faces 12A. 

In detail, the depth and pitch of the concave faces 
12A are formed under control, the inclination of the inner 



19 



surface of the concave faces 12A that controls the light 
reflection angle is controlled in a certain range. As the 
result, the reflection efficiency of the metal reflection 
film 12 can be controlled within a certain range. 
Furthermore, because the inner surface of the concave faces 
12A is symmetrically spherical in all the directions, the 
above-mentioned reflection efficiency can be obtained for 
all the directions of the metal reflection film 12. To sum 
up, the bright display can be seen from all the directions. 

The convex/ concave faces 10A of the first substrate 
10 is formed by hot-pressing a resin material sheet to shape 
it in the form of the first substrate 10 by use of a transfer 
die. The above-mentioned transfer die is made by means of 
a method in which a diamond indenter is pressed on the 
surface of flat base material for transfer die such as 
stainless steel, and the' configuration of the 
convex/concave faces 10A shown in FIG. 2 is formed by use 
of an inversely convex/ concave die. 

The process conditions applied in the hot-pressing 
process such as temperature, pressure, and time may be 
selected suitably depending on the type of material and the 
size of the substrate 10. For example, the process 
temperature is preferably a temperature 10 °C to 20 °C lower 
than the heat-resisting temperature of the material of the 
first substrate 10. More in detail, in the case that, for 
example, polyallylate resin sheet having a thickness of 0 . 3 
mm is used for the substrate 10, the process condition for 
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forming the convex/concave faces 10A includes a process 
temperature of 11 0 to 18 0 *C , pressure of 100 to 200 kg /cm 2 , 
and the process time of 1 to 3 minutes, but the process 
condition is by no means limited to the above-mentioned 
condi t ion . 

The convex/concave faces 10A formed by hot-pressing 
is preferably formed on the area excepting the periphery 
of the substrate 10. The structure as described 
hereinabove has flat surface on the periphery of the 
substrate 10, and the overcoat film 14 can be fit on the 
substrate 10 firmly. As the result, the overcoat film 14 
will not be separated from the substrate 10, and it is 
possible that the liquid crystal display apparatus 1 of the 
present invention retains high reliability for a long years 
in the high temperature and high humidity environment (for 
example, a temperature equal to or higher than 60 *C and 
a humidity equal to or higher than 90 %) . 

Furthermore, because hot-pressing method is used as 
a method for forming the convex/ concave faces 10A, a large 
size substrate is hot-pressed, and the hot-pressed 
substrate is divided into substrates 10 having a desired 
size. Therefore, a plurality of substrates 10 on which the 
convex/concave faces 10A are formed can be obtained in one 
operation efficiently. 

As described hereinbefore in detail, according to 
the liquid crystal display apparatus of the present 
invention, the convex/concave configuration (the 
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configuration having the inner surface that is a part of 
the spherical surface of continuous many concaves) is 
formed directly on the surface of the liquid crystal layer 
side of the substrate of the liquid crystal display 
apparatus having the flexible substrate. As the result, 
the configuration of the liquid crystal display apparatus 
is made simpler than that of the conventional liquid crystal 
display apparatus and the manufacturing cost is reduced. 

Next, in the case that a reflection type liquid 
crystal display apparatus provided with a metal reflection 
film formed on the surface of the above-mentioned substrate 
where the convex/ concave is formed is fabricated, the light 
reflectance is improved due to the above-mentioned surface 
configuration. As the result, a reflection type liquid 
crystal display apparatus having the bright and easily 
viewable display and wide angle of visibility is realized. 

In the case that a semi - transmission/reflection type 
liquid crystal display apparatus provided with a backlight 
for transmission display on the outside of the substrate 
having a metal reflection film with a film thickness of 80 
A to 300 A is fabricated, the bright reflection display 
is obtained due to the surface configuration of the 
above-mentioned substrate in the reflection mode in which 
the solar light or illumination is used as the light source 
for displaying an image. On the other hand, in the case 
of the transmission mode in which the light from a backlight 
is used as the light source for displaying an image, the 
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bright display is obtained due to the high transmi ttance 
of the metal reflection film. As the result, in both 
operation modes, a semi - transmission/reflection type 
liquid crystal display apparatus that displays a bright and 
easily viewable image is provided. 

Furthermore, in the case that the film thickness of 
the metal reflection film of the above-mentioned semi - 

r~s 

transmission/reflection type liquid crystal display 
% i apparatus is in the range from 80 A to 100 A, a semi- 

yi 

W transmission/reflection type liquid crystal display 

Jg apparatus that gives very bright display in the 

g 

y= transmission mode is provided. 

□ 

Particularly, because the inner surface of the 

o. 

p concaves formed on the above-mentioned substrate surface 

^ is a part of spherical surface, the light supplied from a 

backlight is enhanced by the lens effect, and the semi- 
transmission/reflection type liquid crystal display 
apparatus gives bright transmission display the more. 
Furthermore, it is possible to employ a backlight of a lower 
light intensity because of the above reason, a low power 
consumption liquid crystal display apparatus is realized. 

Next, according to the liquid crystal display 
apparatus of the present invention, because a color filter 
is formed immediately on the metal reflection film, the 
parallax and the color deviation are reduced and the high 
quality display is realized. 

Next, according to the liquid crystal display 
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apparatus of the present invention, in the case that a 
colored substrate having the surface on which the 
convex/concave configuration is formed is used, the color 
of the substrate is used as the display color, and it is 
possible to give the display of color purity higher than 
that of the display obtained by means of orientation control 
of the liquid crystal molecule. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that the 
above-mentioned substrate is formed of resin such as 
polyallylate base resin, polycarbonate base resin, 
polye ther sulphone base resin, or polyethylene 
terephthala te base resin, the substrate is rendered highly 
light transmissive and highly heat resistive. As the 
result, the layers can be formed on the substrate at a high 
temperature. A high quality liquid crystal display 
apparatus is provided thereby. 

According to the present invention, in both cases 
that a semi - transmission/reflection type or a reflection 
type liquid crystal apparatus is fabricated, a liquid 
crystal display apparatus that gives bright display and 
wide angle of visibility is provided. 

Furthermore, according to the present invention, the 
configuration is simplified to bring about reduced 
manufacturing cost of the liquid crystal display apparatus. 
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